Normal rabbits were exposed to single, subanesthetitizing doses of chloroform vapors and a regular decrease in their total serum cholesterol was found. In rabbits with abnormally high serum cholesterol levels, however, no consistent changes were observed. In control experiments it was found that in the normal rabbit there is a diurnal variation in serum cholesterol, with lowest values around 4 p.m. No consistent changes were found in the serum cholesterol of rabbits after being submerged for brief periods in ice water.
T HE effect of anesthetizing doses of chloroform on serum cholesterol of man and of various animal species has been investigated by several authors with different results. These discrepancies may be due either to a considerable variation in the effect from one species to another or to technical factors. In the present investigation we have studied the effect of single subanesthetizing doses of chloroform on serum cholesterol in rabbits for the following reasons. In a previous publication 1 one of us reported that repeated inhalations of chloroform had an inhibitory effect on the development of experimental atherosclerosis in rabbits. The experiments were hampered by what appeared to be an increasing sensitivity of the rabbits to chloroform, resulting in the death of many animals before atherosclerotic changes could have appeared. On microscopic examination of tissues from those animals which did survive for the minimum time necessary for the development of atherosclerotic lesions, an inhibition of these lesions was noted. However, numerous necrotic foci were observed in various organs. It is not clear whether the necrosis is to be ascribed to a direct action of the chloroform, or to cholesterol which may have been chemically altered by the chloroform. The latter possibility appears worth mentionFrom the Department of Anatomy and Laboratory of Gerontology, University of Saskatchewan, Saskatoon, Canada.
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Received for publication December 3, 1957. ing because feeding rabbits egg yolk which had undergone prior ultraviolet irradiation 1 produced fewer atherosclerotic lesions than did nonirradiated yolk, but the former seemed to cause focal necrosis in various locations. From these results one might suspect that repeated chloroform anesthesia can reduce serum cholesterol in rabbits, but this is not borne out by the available reports on the effects of anesthetizing doses of chloroform on the serum cholesterol in rabbits. Thus, Gray 2 administered chloroform to 4 rabbits by inhalation and to 11 rabbits by subcutaneous injection for periods of 19 days to 5 months, and observed a rise in serum cholesterol ; Kinoshita 8 reported that the blood cholesterol in rabbits increased after anesthesia by chloroform inhalation, reaching a maximum 3 hours after narcosis, and returning to normal values after 24 hours; and Ghose 4 observed that during chloroform anesthesia by inhalation there was an increase in the whole blood cholesterol of 4 rabbits, while after administration of a fatal dose to 9 rabbits the average increase was still greater.
To clarify the problem we decided to reinvestigate the immediate effect of single subanesthetizing doses of chloroform on serum cholesterol, avoiding the possible complicating factors of deep anesthesia and tissue damage and of fatal doses, repeated application and subcutaneous injection. in wire cages, 61 by 41 by 35 cm., and under each cage were placed two Petri dishes, 14 cm. in diameter, filled with chloroform. The cages were covered with plastic sheeting which was left in place for 5 hours. The covering was tucked in loosely under the cages so that the closure was not airtight. Food and water were left in the cages. The evaporated chloroform was replaced from time to time, to keep the dishes filled. The animals became drowsy, but not unconscious. After 5 hours they were removed from the cages and blood samples were taken immediately. Additional samples were obtained 2 hours and 19 hours later. The times of day at which the samples were taken were very similar for all rabbits, i.e., approximately 9 a.m., 2 p.m., 4 p.m., and 9 a.m. the following day. The procedure was repeated on 3 of the rabbits after an interval of several weeks. Five rabbits which had serum cholesterol levels ranging from 1046 to 1312 mg. per cent (after administration of 0.3 to 0.9 Gm. of cholesterol daily for at least 3 months) were treated in the same way.
Total serum cholesterol determinntions were made on each blood sample, using the method of Schoenheimer and Sperry, as modified by McArthur.
Control Experiments. For purposes of comparison, a series of blood samples was obtained from 10 normal rabbits which were not exposed to chloroform. The times of day at which the samples were taken and the time intervals between samples corresponded with those in the chloroform experiment. The procedure was repeated on 2 rabbits after an interval of several weeks. Two of the rabbits included in this series were later used in the chloroform experiment.
In addition, blood samples were similarly obtained from 10 rabbits with serum cholesterol levels ranging from 624 to 3184 mg. per cent but which were not exposed to chlorofonu. These rabbits had received 0.3 to 0.9 Gm. of cholesterol daily for at least 3 months.
Later, it became apparent that there might be diurnal variations in the cholesterol level of the rabbits. We were unable to find any investigation of this problem in which rabbits were used, therefore blood samples were also obtained from 11 normal rabbits, following exactly the same procedure, except for the times of day. Instead of 9 a.m., 2 p.m., 4 p.m., and 9 a.m., blood samples were taken at 4 p.m., 8 p.m., 11 p.m., and 4 p.m. the following day.
To assess the possible influence of stress, 8 rabbits were thrown into a large tub of ice water and left there for 1 to 2 min. Blood samples were taken before, 1 hour after, 4 hours after, and 24 hours after immersion. The total serum cholesterol was determined for each blood sample as in the chloroform experiment.
SERUM CHOLESTEROL FOLLOWING CHLOROFORM INHALATION
•2-21 6 > .05 RESULTS Table 1 shows that immediately after chloroform inhalation, and 2 hours later, the total serum cholesterol was decreased in every rabbit. The percentage decrease for each time interval is statistically significant (p for t < 0.001) whereas 19 hours after termination of the chloroform treatment the decrease is not significant. Table 2 shows that the serum cholesterol levels of the rabbits in the control scries also were lower to a statistically significant degree (p for t < 0.05) 5 and 7 hours after the first samples were taken. (These time intervals correspond with the samples taken immediately, and 2 hours after chloroform treatment.) The serum cholesterol levels of most of the control rabbits returned to the initial levels within 24 hours somewhat more consistently than those in the chloroform series.
AVhen, however, the percentage decreases in the serum cholesterol levels immediately after and 2 hours after exposure to chloroform vapors are compared with the percentage changes in the cholesterol levels of the control rabbits for the same time intervals, the decreases, both immediately after and 2 hours after chloroform, are greater than in the control series to a statistically significant degree (p for t < .005).
As also shown in tables 1 and 2, the changes in serum cholesterol were generally consistent in rabbits on which the procedures were repeated, i.e., Z-l, Y-l, and VI in the chloroform experiment, and Y-2 and VI in the control experiment. The serum cholesterol levels of rabbits Y-l and VI after chloroform (table 1) are decreased more than the levels of the same rabbits in the control experiment (table 2), in every instance except after the first chloroform exposure of Y-l. These results indicate that, in general, the serum cholesterol levels of the individual animals in the experiments followed the same pattern as indicated by the mean changes of the groups.
There was no consistent alteration in the serum cholesterol of the rabbits having very high initial serum cholesterol levels, either with or without chloroform treatment.
According to the results shown in table 3, there was no significant decrease in the serum cholesterol of normal rabbits when the series of blood samples was taken during the evening hours. This contrasts with the reduction observed during the daytime schedule (table 2). One hour after immersion in ice water, the mean serum cholesterol level of 8 rabbits appeared to rise only slightly, and statistical analysis showed that the rise was not significant. Furthermore, there were no consistent alterations in the cholesterol level 4 and 24 hours after immersion in ice water.
DISCUSSION
The slight decrease in the serum cholesterol of the control rabbits 5 and 7 hours after the first blood samples were taken deserves attention. It seemed possible that this decrease might be a reflection of a state of stress due to the handling of rabbits unaccustomed to it. According to Selye, the " . . . characteristic response to systemic stress appears to be an initial decrease in total lipids and cholesterol during the shock phase . . . " 5 Among the pertinent investigations is a report that stress due to pyogenic vaccines lowers the plasma cholesterol of-rabbits. 8 It has also been found that 3 hours after a single hemorrhage of 35 ml. there was a mean decrease of 37 per cent in the plasma cholesterol of rabbits, and that the initial level was not regained for 12 to 24 hours. 7 (The blood loss in our experiments would amount to approximately 12 to 20 ml. within the first 7 hours.) On the other hand, excitement induced by tossing rabbits or having them chased by dogs was followed by a rise in the whole blood cholesterol of 2 rabbits and a decrease in one rabbit. 8 The plasma cholesterol has been reported to increase following acute severe local cold exposure (-12 C. for 30 min.). A lesser increase was observed after exposure of the right hind limbs of rabbits for 30 min. at 0 C.° Our experiment, in which 8 rabbits were immersed in ice water, indicates that the conditions described may cause a very slight and short-lasting rise in cholesterol, although the results were inconclusive. The changes in the cholesterol levels of the rabbits in our control series appear to be due to a slight spontaneous decrease during the daytime hours which does not continue during the evening.
The observed decrease in the serum cholesterol of normal rabbits after chloroform inhalation contrasts with the results of other workers who found a rise in blood cholesterol after anesthetizing doses of chloroform. It is not clear whether the administration of a smaller, "subanesthetizing amount of chloroform for a longer period of time, as in our experiment, could account for the difference in effect. The decrease in serum cholesterol after chloroform inhalation is in agreement with our previous observation that repeated exposures over a longer period of time have a mitigating effect on the development of experimental cholesterol atherosclerosis in rabbits.
In viewing the problem of a decrease of serum cholesterol by single chloroform exposure, we have considered the following possibilities. An influence on the liver, altering cholesterol synthesis or metabolism, might be im r olved, since inhaled chloroform is known to be a liver poison. It is also possible that the cholesterol in the blood might be altered chemically or physically by the chloroform. The inconclusive results following chloroform exposure of rabbits having very high serum cholesterol levels may be due to a quantitative factor, i.e., an amount of chloroform insufficient to have an appreciable effect on the extremely high cholesterol content of the serum or, because of damage by cholesterol, the livers of these animals may no longer be responsive to chloroform.
SUMMARY
Normal rabbits were exposed to subanesthetizing doses of chloroform vapors for 5-hour periods. The total serum cholesterol level of these animals was decreased immediately after exposure and 2 hours later. The decrease was significantly greater than that observed in control animals. No consistent changes were observed following chloroform exposure in rabbits having very high serum cholesterol levels. It may be of some importance that in control animals there seemed to be a diurnal variation, in that a significant .decrease followed the first blood sampling during the daytime hours, whereas no significant decrease was detected when the blood samples were obtained during the evening. No significant alterations in serum cholesterol levels were observed following immersion of rabbits in ice water.
SUMMABIO IN I N T E R L I N G T J A
Conilios normal esseva exponite a doses no.nanesthetisaute de vapores de chloroformo durante periodos de 5 horas. Le total cholesterol serai de iste animales se monstrava reducite immediatemente post lor exposition a chloroformo e ancora duo horas phis tarde. Le reduction esseva significativemente plus marcate qne in animales de controlo. Nulle regularitate esseva constatate in le alterationes del cholesterol post exposition a chloroformo in conilios con altissime nivellos serai de ille substantia. II es forsan de alicun interesse que le animales de controlo pareva manifestar un variation diurne in tanto que un reduction significative sequeva le obtcntion del prime specimen de sanguine si illo esseva effectuate durante le horas de die, durante que nulle reduction significative esseva notate quando le specimens esseva obtenite durante le horas de nocte. Nulle alterationes significative in le nivellos del cholesterol serai esseva observate post le immersion del conilios in aqua glaciate.
